Early allograft dysfunction (EAD) represents one of the most common and serious complications after liver transplantation (LT).
Introduction
Early allograft dysfunction (EAD) represents one of the most serious and frequent graft complications after liver transplantation (LT) [1] . Recent studies have focused mainly on finding different modifiable risk factors for EAD [2] . Unfortunately, most of these factors are not modifiable. Also, due to the worldwide decrease in organ donors and an increase in the number of patients awaiting LT, there is a significant need to use low quality grafts [3] that further increases the incidence of EAD. However, once diagnosed, EAD is associated with a poorer outcome in terms of both decreased graft and patient survival [4] . Thus, an early evaluation of graft function remains a crucial issue for the management of patients with EAD and identifying those that may potentially benefit from intensive care support therapies.
Different clinical and paraclinical parameters such as grade of hepatic encephalopathy, serum transaminases, bilirubin, standard coagulation tests have been proposed for the purpose of diagnosing EAD. Based on these parameters, current definitions vary widely [5, 6] and a clear diagnosis can be made with acceptable accuracy after a prolonged period of time. This time lag, that usually ranges between 48 and 72 hours, can lead to supplemental liver grafts losses. A new liver function test, LiMAx, has been proposed for DOI: http://dx.doi.org/10.21454/rjaic.7518.252.tms the diagnosis of liver dysfunction [7] . Although published data show promising results, its availability remains low.
Coagulation disorders represent one of the most early and specific signs for initial graft poor function (IGPF) [8, 9] . Based on this assumption, the aim of our study was to evaluate if coagulation kinetics, as assessed by rotational thormoboelastometry (ROTEM) 24 hours after LT, can be used in the early diagnosis of EAD. Secondary endpoints were to assess if high intraoperative blood loss and transfusion are associated with an increased risk of developing EAD and whether EAD is associated with a low lactate clearance in the early postoperative period.
Methods
The ethical approval for the present study was provided by the Ethical Committee of Fundeni Clinical Institute, Bucharest, Romania. Informed consent was obtained from all patients before the study.
Patient inclusion. We prospectively included patients undergoing deceased donor LT between January 2013 and May 2016. Exclusion criteria were: patients undergoing emergency LT or living-donor LT, patients younger than 18 years, need of pro-coagulant interventions (blood compounds or fibrinogen concentrate transfusion, prothrombin complex, antifibrinolytic therapy) within the first 24 hours after LT, need for anticoagulant therapy other than standard prophylaxis, need for surgical re-intervention for bleeding or other immediate surgical complications and severe complications such as sepsis, ARDS and primary graft nonfunction.
Anaesthetic and perioperative management. All patients underwent LT under general anaesthesia. Intraoperative management, transfusion and pro-coagulant interventions, were performed in accordance with the institutional protocols of Fundeni Clinical Institute. At the end of surgery, patients were transferred to the Post Anaesthesia Care Unit (PACU). Immunosuppression therapy during the study period consisted of methylprednisolone 15 mg/kg during the neohepatic phase, basiliximab 20 mg before end of surgery and mycophenolate mofetil 750 mg twice daily. Postoperative therapeutic pro-or anti-coagulant interventions were performed at the attending anaesthesiologists' discretion if there were overt signs of bleeding and these patients were subsequently excluded. Thromboprophylaxis was performed using lowmolecular weight heparin once daily, started six hours after the end of surgery.
Collected data. Patient demographic data, etiology and severity of liver disease (MELD-sodium score) were collected before surgery. Intraoperative data consisted of blood loss and transfusion (Packed Red Blood cells -PRBc and Fresh Frozen Plasma -FFP), lactate levels before clamping the inferior vena cava, 15 minutes into the neohepatic phase and at the end of surgery. Postoperative data consisted of lactate levels during the first three postoperative days, liver functional tests (standard coagulation tests, alanine aminotransferase, aspartate aminotransferase, total bilirubin, direct bilirubin) and platelet count for the first 3 days. Postanaesthesia Care Unit (PACU) length of stay was recorded.
ROTEM data. ROTEM assay was performed 24 hours after LT and consisted of four tests: ExTEM, InTEM, FibTEM and ApTEM. For ROTEM analysis venous blood was collected from the central venous line and the sample was immediately processed. Data analysis. The patients were included in one of two groups: patients who developed EAD (EAD group) and patients who did not develop EAD (non-IGPF). The diagnosis of EAD was made with the aid of criteria developed by Nanashima et al. [10] . Statistical analysis was performed using SPSS 19.0 (IBM, Armonk, NY). Data distribution was examined in order to insure the proper statistical examination. Data is presented as mean ± standard deviation, median (min, max) or percentage. Categorical variables were analyzed with Chi-square test and quantitative data were analyzed with independent samples t-test. Data that were not normally distributed were analyzed using the Mann-Whitney test. Statistical significance was considered at a p value < 0.05.
Results
After applying the exclusion criteria, 164 patients were included in the final analysis. Of those, 47 (28.6%) patients developed EAD. Demographic and intraoperative data are presented in Table 1 . Univariate analysis demonstrated that intraoperative blood loss (p = 0.01), PRBc (p = 0.04) and FFP (p = 0.01) transfusion were associated with a greater incidence of EAD. There was a statistically significant difference in both extrinsically (p < 0.01) and intrinsically (p < 0.01) activated clot formation time, extrinsically (p < 0.01) and intrinsically (p < 0.01) activated maximum clot firmness, ExTEM alpha angle (p = 0.03), extrinsically (p < 0.01) and intrinsically activated (p < 0.01) thrombin potential index, area under the curve (p < 0.01) and maximum clot elasticity (p < 0.01) between the two groups. Statistical data are presented in Table 2 . There was no significant statistical difference between the two groups in the fibrinogen concentration (184 ± 57 mg/dL in the EAD group and 202 ± 78 mg/dL in the Non-EAD group, p = 0.07) and platelet count (46000 [17000, 303000] /mm 3 in the EAD group and 50500 [15000, 194000] / mm 3 in the Non-EAD group). There was no difference in the lactate levels before clamping of the inferior vena cava but the univariate analysis demonstrated a significant difference in lactate levels at all measurements: after reperfusion of the liver graft (p = 0.01), at the end of surgery (p < 0.01) and the first three postoperative days (p < 0.01). Statistical data are presented in Table 3 . 
Discussion
EAD is associated with early haemostatic disorders that can be objectified by standard ROTEM assay: increased clot formation time and decreased maximum clot firmness in both intrinsically and extrinsically activated coagulation pathways. Also, the derived ROTEM parameters showed decreased thrombin potential index, area under the curve and clot elasticity. With no significant difference in fibrinogen concentration and platelet count in our study this may be attributed to reduced clotting factors synthesis by the liver graft other than fibrinogen and decreased functional platelet levels.
Viscoelastic tests have been extensively used recently in guiding transfusion in the perioperative period of liver transplantation. This practice has been shown by many studies to be associated with decreased transfusion requirements and improved patient outcome [11, 12] . Outside their initial use as point-of-care tools for the management of bleeding disorders, recent studies have focused on finding prediction models for intraoperative [13] or postoperative [14] increased blood loss with promising results. Our study aims for a new utility of viscoelastic tests: early prediction and diagnosis of EAD.
EAD represents one of the most common and serious complications after LT. The incidence observed in our study (28.6%) is similar to that reported by other authors [2] . Our data suggests that blood loss and transfusion of both PRBc and FFP represent significant risk factors for the development of EAD. This is in accordance with the study published by Cywinski et al. [15] . These factors are probably modifiable and further research should be performed in order to minimize both intraoperative blood loss and transfusion in order to improve patient outcome. Pre-transplant severity of liver disease did not significantly influence the incidence of IGPF.
In a recent study published by Akamatsu et al. [9] , platelet count and prothrombin time represented a significant risk factor for severe complications after living-donor LT. This was stated in another study by Lesurtel et al. [16] . This may be attributed to the fact that outside their role in thrombosis and haemostasis, platelets may have a significant role in liver regeneration [17] . Although the exact effects of thrombocytopenia in patients with liver dysfunction is not fully understood, low platelet count has been associated with EAD [18] . Because platelet count was not significantly different in patients who developed EAD, our proposal of using extrinsically activated ROTEM assay to test platelet function (ExTEM CFT, TPI and MCE) may prove superior to the proposed platelet count monitoring.
Low coagulation factor synthesis and coagulopathy represent the earliest signs of liver dysfunction. Low levels of factor V seem to be early predictors (day 2) of allograft failure [8] . ROTEM assay, as a viscoelastic test, may represent a superior method of detection decreased coagulation kinetics. Both standard and derived ROTEM parameters may offer significant information about decreasing coagulation factors levels. Because fibrinogen also represents an acute phase reactant and inflammation is common after major surgery, fibrinogen levels may increase more quickly after LT [19] then other coagulation factors. In our study we did not observe a statistically significant difference in fibrinogen levels between the two groups. Consequentially, we can assume that the significant differences in clot kinetics observed can be attributed to the decreased levels of coagulation factors synthesized in the insufficient liver.
EAD remains one of the most significant factors for increased PACU length of stay as recently demonstrated by Hudcova et al. [20] . This was also observed in our study.
Low lactate clearance after LT represents an early indicator of allograft dysfunction [21] and is associated with a worse outcome [22] . As increased lactate levels may be attributed to other factors other than graft failure that are frequently encountered in the early postoperative period of LT, we consider that the combined use of low lactate clearance and decreased clot kinetics could theoretically improve the diagnostic accuracy.
The main limitation of our study was that the timeframe for ROTEM assay was randomly chosen and further studies using different time points may be required in order for an accurate algorithm to be established. Also, a larger number of patients must be included in order to accomplish the statistical power necessary to develop a cut-off value and a predictive model for ROTEM parameters. Another point that we want to stress is that ROTEM represents an ex-vivo coagulation assay. One of the most important factors involved in coagulation and possible in the etiology of graft dysfunction, the vascular endothelium, cannot be assessed alongside pro-inflammatory mechanisms that may represent the trigger for graft failure.
Conclusions
Our results show that standard and derived ROTEM parameters may represent early signs of graft failure and may aid in the diagnosis of EAD. Patients who show decreased clot kinetics after the first 24 hours of LT may benefit from extended observation and possibly therapeutic interventions in order to support liver function. Further studies are needed in order to assess optimal time points for assessment as well as cut-off values for improving diagnostic accuracy.
